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(57) ABSTRACT

The invention provides a voltage regulator including a
transient voltage suppressor. The transient voltage suppres-
sor includes N first transistors and N semiconductor units.
The N first transistors are coupled between a reference
ground and N pads respectively, and the N transistors are
controlled by a voltage on a reference power line. The N
semiconductor units are coupled between the reference
ground and the N pads respectively, or coupled between the
reference power line and the N pads respectively. N is a
positive integer.
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TRANSIENT VOLTAGE SUPPRESSOR

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention generally relates to a transient
voltage suppressor.

2. Description of Prior Art

Along with the rapid development of science and tech-
nology at the present, integrated circuits are widely used in
an electronic apparatus. A person skilled in the art knows
that Electrostatic discharge (ESD) is one of main problems
for the integrated circuits. Circuits of the integrated circuit
may be reset or even damaged under ESD events. Currently,
all consumer electronics are expected to pass the ESD test
requirement of IEC 61000-4-2 standard by applying suitable
protection scheme on the consumer electronics.

Referring to FIG. 1A and FIG. 1B, wherein FIG. 1A and
FIG. 1B are block diagrams of an electronic apparatus which
working in different modes. In FIG. 1A, a transient voltage
suppressor 100 (TVS) is coupled to the circuit to be pro-
tected 120 in parallel. The circuit to be protected 120 is
working in normal mode, and voltage levels of the operating
voltage VPP and reference ground GND respectively keep in
normal ranges. The TVS 110 sense the voltage levels of the
operating voltage VPP and reference ground GND, and
provides a high impendence between the operating voltage
VPP and reference ground GND. Such as that, a current IOP
can be provided to the circuit to be protected 120 for
operating.

On the other hand, when a ESD event occurs, referring to
FIG. 1B, the TVS 110 sense the voltage levels of the
operating voltage VPP and reference ground GND, and
provides a very low impendence between the operating
voltage VPP and reference ground GND. Such as that, a
current IESD caused by the ESD event can be discharged to
the reference ground GND, and the circuit to be protected
120 is protected from damaged by the current IESD.

SUMMARY OF THE INVENTION

The present invention provides a transient voltage sup-
pressor for protect a circuit damaged by electrostatic dis-
charge (ESD).

The transient voltage suppressor includes N first transis-
tors and N semiconductor units. The N first transistors are
coupled between a reference ground and N pads respec-
tively, and the N transistors are controlled by a voltage on a
reference power line. The N semiconductor units are
coupled between the reference ground and the N pads
respectively, or coupled between the reference power line
and the N pads respectively. N is a positive integer.

In an embodiment of the disclosure, each of the semicon-
ductor units is a diode, wherein, a cathode of each of the
diodes is coupled to the corresponding pad, and an anode of
the each of the diodes is coupled to the reference ground, N
is a positive integer.

In an embodiment of the disclosure, the semiconductor
units are respectively N second transistors, and the second
transistors are coupled between the N pads respectively and
the reference power line, the second transistors are con-
trolled by the reference ground.

In an embodiment of the disclosure, the transient voltage
suppressor further includes a power clamp circuit. The
power clamp circuit is coupled between the reference power
line and the reference ground. The power clamp circuit
drains a current from the reference power line to the refer-
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ence ground when the transient voltage suppressor is oper-
ated in an electrostatic discharge (ESD) protection mode.

In an embodiment of the disclosure, wherein the power
clamp circuit includes a clamp transistor. The clamp tran-
sistor has a first end, a second end and a control end. The first
end of the clamp transistor is coupled to the control end of
the clamp transistor and the reference power line, the second
end of the clamp transistor is coupled to the reference
ground.

In an embodiment of the disclosure, wherein the clamp
transistor is a NPN bipolar transistor, the first end of the
clamp transistor is an emitter of the clamp transistor, the
second end of the clamp transistor is a collector of the clamp
transistor, and the control end of the clamp transistor is a
base of the clamp transistor.

In an embodiment of the disclosure, wherein the power
clamp circuit includes a clamp transistor. The clamp tran-
sistor has a first end, a second end and a control end. The first
end of the clamp transistor is coupled to the control end of
the clamp transistor and the reference ground, the second
end of the clamp transistor is coupled to the reference power
line.

In an embodiment of the disclosure, wherein the clamp
transistor is a PNP bipolar transistor, the first end of the
clamp transistor is an emitter of the clamp transistor, the
second end of the clamp transistor is a collector of the clamp
transistor, and the control end of the clamp transistor is a
base of the clamp transistor.

In an embodiment of the disclosure, wherein the power
clamp circuit further includes an extra clamp transistor. The
extra clamp transistor is coupled between the base and the
collector of the clamp transistor. The extra clamp transistor
has a first end, a second end and a control end, the first end
of the extra clamp transistor is coupled to the control end of
the clamp transistor, the control end and the second end of
the extra clamp transistor are coupled to the reference
ground.

In an embodiment of the disclosure, wherein the extra
clamp transistor is a NPN bipolar transistor, the first end of
the clamp transistor is an collector of the extra clamp
transistor, the second end of the clamp transistor is an
emitter of the extra clamp transistor, and the control end of
the extra clamp transistor is a base of the extra clamp
transistor.

In an embodiment of the disclosure, wherein the power
clamp circuit further includes at least one clamp diode. An
anode of the clamp diode is coupled to the control end of the
clamp transistor, and a cathode of the clamp diode is coupled
to the reference ground.

In an embodiment of the disclosure, wherein the transis-
tors are PNP bipolar transistors, each of the transistors has
an emitter, a collector and a base, wherein the base of each
of the transistors is coupled to the reference power line, the
collector of each of the transistors is coupled to the reference
ground, and the emitter of each of the transistors is coupled
to the corresponding pad.

In an embodiment of the disclosure, wherein the pads
comprises at least one input output pad, and a plurality of
power pads.

The present disclosure provides to dispose a transistor
connecting to a pad in the transient voltage suppressor. The
transistor can be turned on when the pad receives a peak
voltage caused by electrostatic discharge, and a peak current
of the peak voltage can be drained to a reference ground
rapidly. Such as that, by using the transient voltage suppres-
sor according to the present disclosure, a core circuit can be
protected from damaged by ESD.
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It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1A and FIG. 1B are block diagrams of an electronic
apparatus which working in different modes.

FIG. 2A-FIG. 2C are circuit diagrams of a transient
voltage suppressor 210-230 according to an embodiment of
the present disclosure.

FIG. 3 is another circuit diagram of a transient voltage
suppressor to an embodiment of the present disclosure.

FIG. 4A-FIG. 4D are circuit diagrams of transient voltage
suppressors according to a plurality of embodiments of the
present disclosure.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiment of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

Referring to FIG. 2A, FIG. 2A is a circuit diagram of a
transient voltage suppressor 210 according to an embodi-
ment of the present disclosure. The transient voltage sup-
pressor (TVS) 200 includes N transistors T1-TN and N
semiconductor units 210-2N0. In FIG. 2A, the semiconduc-
tor units 211-2IN are respectively diodes D1-DN. The
transistors T1-TN are coupled to the reference ground GND
and the transistors T1-TN are respectively coupled to the
pads PAD1-PADN. The transistors T1-TN are also coupled
to the reference power line PL for receiving the operating
voltage VPP. The semiconductor units 211-21N are respec-
tively coupled to the pads PAD1-PADN, and the semicon-
ductor units 211-21N are coupled to the reference ground
GND.

In this embodiment, the diodes D1-DN are respectively
coupled to the transistors T1-TN. In detail, the diodes
D1-DN are respectively coupled to the connection ends
which the transistors T1-TN respectively connecting to the
pads PADI-PADN.

Each of the transistors T1-TN has a first end, a second
end, and a control end. The first ends of the transistors
T1-TN are coupled to the reference ground GND, the second
ends of the transistors T1-TN are respectively coupled to the
pads PAD1-PADN; and the control ends of the transistors
T1-TN are coupled to the reference power line PL. In this
embodiment, the first ends of the transistors T1-TN are
emitters of the transistors T1-TN, the second ends of the
transistors T1-TN are collectors of the transistors T1-TN,
and the control ends of the transistors T1-TN are bases of the
transistors T1-TN. The transistors T1-TN are bipolar tran-
sistors, and in FIG. 2, the transistors T1-TN are PNP bipolar
transistors. The cathodes of the diodes D1-DN are respec-
tively coupled to the pads PAD1-PADN, and the anodes of
the diodes D1-DN are coupled to the reference ground.

A circuit to be protected by the TVS 200 may be coupled
to the TVS 200. In detail, each of the pads T1-TN may be

15

25

35

40

45

50

55

4

coupled to pads of the circuit to be protected. One of the
pads of the circuit to be protected may be coupled to one or
more pads T1-TN of TVS 200.

In operation, when an ESD event is not occurred, voltage
levels of the operating voltage VPP and the reference ground
GND is kept within a normal range, and the transistors
T1-TN and the diodes D1-DN are cut off. Accordingly, the
TVS 200 provides high impendence between the reference
power line PL and the pads PAD1-PADN, and between the
pads PAD1-PADN and the reference ground GND. The
signals transported to the pads PAD1-PADN can be trans-
ported to the circuit to be protected for normal operation.

On the other hand, when the ESD event is occurred, if an
ESD voltage is transported to the pad PAD1 with a positive
high voltage peak, the voltage level of the operating voltage
VPP on the reference power line PL is raised to high by
coupling the positive high voltage peak on pad PAD1. At this
time, the transistor T1 is turned on according to the high
voltage peak on pad PAD], and the transistor T1 provides a
very low impendence between the pad PADI1 and the ref-
erence ground GND. A current on the pad PAD1 may be
drained to the reference ground GND, and the circuit to be
protected is protected from damaged by the ESD event.

On the other hand, the semiconductor units 211-21N may
be used to conduct paths between the pads PAD1-PADN and
the reference power line PL or the reference ground GND
when the ESD event is occurred. That is, the semiconductor
units 210-2N0 may guide an ESD current from the pads
PAD1-PADN to the reference ground GND or the reference
power line PL.

Referring to FIG. 2B, FIG. 2B is the other circuit diagram
of a transient voltage suppressor 220 according to an
embodiment of the present disclosure. Different from the
transient voltage suppressor 210 in FIG. 2A, the semicon-
ductor units 221-22N in the transient voltage suppressor 220
are respectively formed by transistors T11-T1N. The tran-
sistors T11-TIN are PNP type bipolar transistors. For
example, a base of the transistor T11 is coupled to the
reference ground GND, the emitter of the transistor T11 is
coupled to the pad PADI, and the collector of the transistor
T11 is coupled to the reference power line PL. Furthermore,
the transient voltage suppressor 220 further includes a clamp
circuit 2201. The clamp circuit 2201 is coupled between the
reference power line PL and the reference ground GND.

Referring to FIG. 2C, FIG. 2C is another circuit diagram
of a transient voltage suppressor 230 according to an
embodiment of the present disclosure. In the transient volt-
age suppressor 230, each of the semiconductor units 231-
23N may be formed by a transistor or a diode. In FIG. 2C,
the semiconductor unit 231 is formed by a diode such as the
diode D1 in FIG. 2A, and the semiconductor units 232-23N
are respectively formed by transistors such as transistors
T12-T1IN in FIG. 2B.

Referring to FIG. 3, FIG. 3 is another circuit diagram of
a transient voltage suppressor according to an embodiment
of the present disclosure. The TVS 300 includes N transis-
tors T1-TN, N semiconductor units 310-3N0 and a clamp
circuit 310. The transistors T1-TN are coupled to the refer-
ence ground GND and the transistors T1-TN are respec-
tively coupled to the pads PAD1-PADN. The transistors
T1-TN are also coupled to the reference power line PL for
receiving the operating voltage VPP. Furthermore, the clamp
circuit 310 is coupled between the reference power line PL.
and the reference ground GND.

Please notice here, when the TVS is operated in an ESD
protection mode, the clamp circuit 310 is used to drain a
current from the reference power line PL to the reference



US 9,438,034 B2

5

ground GND. In detail, when an ESD voltage is transported
to the pad PAD1 with a positive high voltage peak, a voltage
level of the operating voltage VPP is raised by coupling the
positive high voltage peak on pad PAD1. The clamp circuit
310 senses the raising of the voltage level of the operating
voltage VPP and provide a low impendence between the
reference power line PL and the reference ground GND.
Such as that, the current caused by the ESD voltage is
drained from the reference power line PL to the reference
ground GND through the clamp circuit 310, and the circuit
to be protected may be prevented from damaged by the ESD
voltage.

On the other hand, each of the pads PAD1-PADN may be
configured to a pad with different type. At least one of the
pads PAD1-PADN may be input output (I0) pad, and some
of the pads PAD1-PADN may be power pads. The power
pads include VDD pad for coupling to an operating voltage,
and ground pad for coupling to a ground voltage.

Referring to FIG. 4A-FIG. 4D, FIG. 4A-FIG. 4D are
circuit diagrams of transient voltage suppressors according
to a plurality of embodiments of the present disclosure. In
FIG. 4A, the clamp circuit 410 includes a clamp transistor
TA. The clamp transistor TA has a first end, a second end and
a control end. The first end of the clamp transistor TA is an
emitter of the clamp transistor TA, and is coupled to the
reference power line PL. The second end of the clamp
transistor TA is a collector of the clamp transistor TA, and is
coupled to the reference ground GND. The control end of the
clamp transistor TA is a base of the clamp transistor TA, and
is coupled to the emitter of the clamp transistor TA and the
reference power line PL. The clamp transistor TA is a NPN
bipolar transistor in this embodiment.

In FIG. 4B, the clamp circuit 410 includes a clamp
transistor TA. The clamp transistor TA has a first end, a
second end and a control end. The first end of the clamp
transistor TA is a collector of the clamp transistor TA, and is
coupled to the reference power line PL. The second end of
the clamp transistor TA is an emitter of the clamp transistor
TA, and is coupled to the reference ground GND. The
control end of the clamp transistor TA is a base of the clamp
transistor TA, and is coupled to the emitter of the clamp
transistor TA and the reference ground GND. The clamp
transistor TA is a NPN bipolar transistor in this embodiment.

In FIG. 4C, the clamp circuit 410 includes a clamp
transistor TA1 and an extra clamp transistor TA2. The clamp
transistor TA1 has a first end, a second end and a control end.
The first end of the clamp transistor TA is an emitter of the
clamp transistor TA1, and is coupled to the reference power
line PL. The second end of the clamp transistor TA1 is a
collector of the clamp transistor TA1, and is coupled to the
reference ground GND. The control end of the clamp
transistor TA1 is a base of the clamp transistor TA, and is
coupled to the first end of the extra clamp transistor TA2.
The first end of the extra clamp transistor TA2 is a collector
of the extra clamp transistor TA2. The second end of the
clamp transistor TA2 is an emitter of the extra clamp
transistor TA2, and is coupled to the reference ground GND.
The control end of the extra clamp transistor TA2 is a base
of the extra clamp transistor TA2, and is coupled to the
collector of the clamp transistor TA1 and the reference
ground GND. The clamp transistor TA1 and the extra clamp
transistor TA2 form a modified lateral silicon controlled
rectifier (MLSCR). In this embodiment, the clamp transis-
tors TAl and the extra clamp transistor TA2 are bipolar
transistors. The clamp transistor TA1 is PNP bipolar tran-
sistor, and the extra clamp transistor TA2 is NPN bipolar
transistor.
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In FIG. 4D, different from FIG. 4C, the clamp circuit 410
further includes at least one clamp diode DA1-DAM. The
clamp diodes DA1-DAM are coupled in serial between the
base of the clamp transistor TA1 and the reference ground
GND, and the clamp diodes DA1-DAM form a diode string.
For example, an anode of the clamp diode DA1 is coupled
to the base of the clamp transistor TA1, and a cathode of the
clamp diode DAL is coupled to an anode of a clamp diode
neighbored to the clamp diode DA1 in the diode string. The
clamp circuit 410 formed by the clamp transistor TA1 and
the extra clamp transistors TA2, and the clamp diodes
DA1-DA2 form a diode trigger silicon controlled rectifier
(DTSCR).

Please notice here, the number of the clamp diodes in the
diode string is not limited, the diode string may be formed
by one or more clamp diodes. Moreover, the number of the
clamp diodes may be determined by the voltage level of the
operating voltage VPP and a threshold voltage of each of the
clamp diode. Moreover, the clamp circuits 2201 and 2301 in
FIG. 2B and FIG. 2C may be formed by the clamp circuits
410 described in FIG. 4A-FIG. 4D.

In summary, the present disclosure provides transistors
and semiconductor units disposed in a TVS. The transistors
are used to release ESD currents from pads to the reference
ground, and the semiconductor units are used to release ESD
currents from pads to the reference ground GND or the
reference power line PL. That is, the TVS can release the
ESD currents efficiency for protecting a circuit, and the
circuit to be protected can be operated normally.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the invention without departing from the scope or spirit of
the invention. In view of the foregoing, it is intended that the
invention cover modifications and variations of this inven-
tion provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. A transient voltage suppressor, comprising: N first
transistors, respectively having N bases which are directly
connected to a reference power line, N emitters which are
directly connected to a reference ground, and N collectors
which are directly connected to N pads respectively, wherein
the first transistors are controlled by a voltage on the
reference power line; and N semiconductor units, coupled
between the reference ground and the N pads respectively, or
coupled between the reference power line and the N pads
respectively, N is a positive integer;

wherein the semiconductor units are respectively N sec-

ond transistors, and the second transistors are coupled
between the N pads respectively and the reference
power line, the second transistors are controlled by the
reference ground;

wherein a type of the first transistors and a type of the

second transistor are the same,

wherein the first transistors and the second transistors are

PNP bipolar transistors.

2. The transient voltage suppressor according to claim 1,
further comprising:

a power clamp circuit, coupled between the reference

power line and the reference ground,

wherein, the power clamp circuit drains a current from the

reference power line to the reference ground when the
transient voltage suppressor is operated in an electro-
static discharge (ESD) protection mode.

3. The transient voltage suppressor according to claim 2,
wherein the power clamp circuit comprises:
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a clamp transistor, has a first end, a second end and a
control end, the first end of the clamp transistor is
coupled to the control end of the clamp transistor and
the reference power line, the second end of the clamp
transistor is coupled to the reference ground.

4. The transient voltage suppressor according to claim 3,
wherein the clamp transistor is a NPN bipolar transistor, the
first end of the clamp transistor is an emitter of the clamp
transistor, the second end of the clamp transistor is a
collector of the clamp transistor, and the control end of the
clamp transistor is a base of the clamp transistor.

5. The transient voltage suppressor according to claim 3,
wherein the power clamp circuit comprises:

a clamp transistor, has a first end, a second end and a
control end, the first end of the clamp transistor is
coupled to the control end of the clamp transistor and
the reference ground, the second end of the clamp
transistor is coupled to the reference power line.

6. The transient voltage suppressor according to claim 5,
wherein the clamp transistor is a PNP bipolar transistor, the
first end of the clamp transistor is an emitter of the clamp
transistor, the second end of the clamp transistor is a
collector of the clamp transistor, and the control end of the
clamp transistor is a base of the clamp transistor.

7. The transient voltage suppressor according to claim 6,
wherein the power clamp circuit further comprises:
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an extra clamp transistor, coupled between the base and
the collector of the clamp transistor, the extra clamp
transistor has a first end, a second end and a control
end, the first end of the extra clamp transistor is coupled
to the control end of the clamp transistor, the control
end and the second end of the extra clamp transistor are
coupled to the reference ground.

8. The transient voltage suppressor according to claim 7,
wherein the extra clamp transistor is a NPN bipolar transis-
tor, the first end of the clamp transistor is a collector of the
extra clamp transistor, the second end of the clamp transistor
is an emitter of the extra clamp transistor, and the control
end of the extra clamp transistor is a base of the extra clamp
transistor.

9. The transient voltage suppressor according to claim 7,
wherein the power clamp circuit further comprises:

at least one clamp diode, an anode of the clamp diode is

coupled to the control end of the clamp transistor, and
a cathode of the clamp diode is coupled to the reference
ground.

10. The transient voltage suppressor according to claim 1,
wherein the pads comprise at least one input output pad and
a plurality of power pads.
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